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Pseudomonas aeruginosa, a leading nosocomial pathogen, may become multidrug resistant (MDR). Its rate
of occurrence, the individual risk factors among affected patients, and the clinical impact of infection are
undetermined. We conducted an epidemiologic evaluation and molecular typing using pulsed-field gel elec-
trophoresis (PFGE) of 36 isolates for 82 patients with MDR P. aeruginosa and 82 controls matched by ward,
length of hospital stay, and calendar time. A matched case-control study identified individual risk factors for
having MDR P. aeruginosa, and a retrospective matched-cohort study examined clinical outcomes of such
infections. The 36 isolates belonged to 12 PFGE clones. Two clones dominated, with one originating in an
intensive care unit (ICU). Cases and controls had similar demographic characteristics and numbers of
comorbid conditions. A multivariate model identified ICU stay, being bedridden, having high invasive devices
scores, and being treated with broad-spectrum cephalosporins and with aminoglycosides as significant risk
factors for isolating MDR P. aeruginosa. Having a malignant disease was a protective factor (odds ratio [OR] =
0.2; P = 0.03). MDR P. aeruginosa was associated with severe outcomes compared to controls, including
increased mortality (OR = 4.4; P = 0.04), hospital stay (hazard ratio, 2; P = 0.001), and requirement for
procedures (OR = 5.4; P = 0.001). The survivors functioned more poorly at discharge than the controls, and
more of the survivors were discharged to rehabilitation centers or chronic care facilities. The epidemiology of
MDR P. aeruginosa is complex. Critically ill patients that require intensive care and are treated with multiple
antibiotic agents are at high risk. MDR P. aeruginosa infections are associated with severe adverse clinical

outcomes.

Pseudomonas aeruginosa is a leading cause of nosocomial
infections and is responsible for 10% of all hospital-acquired
infections (17, 18). Infections caused by P. aeruginosa are often
severe and life threatening and are difficult to treat because of
the limited susceptibility to antimicrobial agents and the high
frequency of an emergence of antibiotic resistance during ther-
apy (3, 9), thus resulting in severe adverse outcomes (4).

The problem of antibiotic resistance in P. aeruginosa is on
the increase (18). The heightened level of drug resistance is a
result of the de novo emergence of resistance in a specific
organism after exposure to antimicrobials (3) as well as of
patient-to-patient spread of resistant organisms (8). Accumu-
lation of resistance after exposure to various antibiotics and
cross-resistance between agents may result in multidrug-resis-
tant (MDR) P. aeruginosa. This condition was found primarily
in patients with cystic fibrosis, where persistent infection with
P. aeruginosa leads to the sequential emergence of resistance
to multiple antibiotic agents. These MDR P. aeruginosa strains
may be transmitted from patient to patient and sometimes lead
to outbreaks among cystic fibrosis patients attending the same
clinic (20). MDR P. aeruginosa occurs infrequently in patients
without cystic fibrosis. A 4-year study in a Boston hospital
revealed 22 cases of MDR P. aeruginosa (an incidence of 5.5
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cases/10,000 patient admissions per year) that were related to
de novo emergence of resistance during treatment (12).

The risk for acquiring MDR organisms may be related to
temporospatial factors (extrinsic, ecological characteristics)
such as the number of carriers in the same ward, the nurse-
to-patient ratio, and compliance with infection control mea-
sures as well as to individual risk factors, such as patient
characteristics and in-hospital events, including treatment
with antibiotics (2).

A high endemic incidence rate of MDR P. aeruginosa was
observed at our medical center. We designed this study in
order to examine its occurrence, the individual risk factors in
affected patients, and the clinical impact of infection with these
organisms.

MATERIALS AND METHODS

Hospital setting, data collection, and microbiology. The study was performed at
the Tel-Aviv Sourasky Medical Center, Israel, a 1,200-bed tertiary-care university-
affiliated hospital with 70,000 patient admissions annually.

The study was designed as two separate investigations involving the same
population. One was a matched case-control study to identify the individual risk
factors for having MDR P. aeruginosa, and the other was a retrospective
matched-cohort study to examine the clinical outcomes of such an infection. All
case patients were those from whom MDR P. aeruginosa was isolated from any
clinical culture during a 10-month period. A control patient was matched to each
case patient for temporospatial factors as previously described (2). Briefly, con-
trols were randomly chosen from a list of patients in the same ward during the
same time period as the case patient and hospitalized for at least the same
number of days at the day of culturing of MDR P. aeruginosa.

Data were collected from patients’ records and from hospital computerized
databases and applied to a preprepared electronic questionnaire. The data re-
trieved for each patient included age, sex, underlying disorders, cause of hospi-
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FIG. 1. Schematic representation of the spread of clone A, the major MDR P. aeruginosa clone, during a 13-week period. Each hospital ward
is assigned a label. The day of isolation of the MDR P. aeruginosa is marked for each patient by the letter “A.”

talization, transfer from another institution, prior hospitalization, functional
capacity at the time of isolation of MDR P. aeruginosa and at discharge, ward of
hospitalization, intensive care unit (ICU) stay, use of a Foley catheter, use of
invasive devices, surgery, mechanical ventilation, severity of illness as defined by
the McCabe score, dialysis, immunosuppressive therapy, and antibiotic therapy.
The recorded outcomes were mortality, length of hospital stay, procedures per-
formed after isolation of the MDR organism, and discharge to chronic care
facilities.

The presence of P. aeruginosa was identified in the microbiology laboratory
from clinical specimens by means of a gram-negative identification panel (Mi-
croscan; Dade Behring Inc., Sacramento, CA). Susceptibilities were determined
by automated microdilution broth testing (Neg/Urine Combo panel; Dade Beh-
ring Inc.). Resistance to imipenem and meropenem was tested by Kirby-Bauer
disk diffusion. All tests were performed according to Clinical Laboratory Stan-
dards Institute guidelines (5).

Definitions. P. aeruginosa was defined as being MDR when the organism was
resistant to all agents studied (ceftazidime, cefepime, aztreonam, ciprofloxacin,
piperacillin, and gentamicin). Susceptibility to carbapenems, amikacin, and colis-
tin was allowed. Infection was defined according to the Centers for Disease
Control and Prevention guidelines that were modified to accept community-
acquired infections and to exclude asymptomatic bacteriuria (9).

Standard criteria were used to define underlying disorders (13). Disease was
considered to be active if signs of disease were apparent or if the patient received
treatment for the disease. Severity of illness due to comorbidities was defined
according to the McCabe score (15). Systemic inflammatory response syndrome
(SIRS) was defined as the presence of two of the following criteria: body tem-
perature of >38°C or <36°C, pulse of >90 beats per min, respiratory rate of
>20/minute, leucocytosis of >12,000. MODS was defined as follows: respiratory
failure or renal failure when creatinine was >2 mg/dl or twice the baseline
creatinine in a patient with chronic renal failure, central nervous system failure
when the Glasgow coma scale was <11, cardiovascular failure when inotropic
drugs were required, and hepatic failure when the bilirubin level was >2 mg/dl
(19, 21).

We noted the presence of susceptible P. aeruginosa in any culture prior to
isolation of the MDR strain for each patient included in the study. The number
of antibiotics that the patient received (for at least 48 h) from the beginning of
the patient’s hospitalization until inclusion in the study was recorded. Recent
hospitalization was defined as a hospital stay within 2 months before the index
hospitalization.

Examining epidemiological relatedness. To examine the relationships between
MDR P. aeruginosa isolates, the available isolates were typed using pulsed-field
gel electrophoresis (PFGE). DNA preparation and cleavage were carried out
with 20 U of Spel endonuclease (New England Biolabs, Beverly, MA), as pre-
viously described (7). Electrophoresis was performed in a CHEF-DR III appa-
ratus (Bio-Rad Laboratories Ltd., Hercules, CA). The initial switch time was
0.5 s, the final switch time was 35 s, and the run time was 22 h at 6 V/cm with a
temperature of 14°C. Gels were stained and photographed (GelDoc 2000; Bio-
Rad), and DNA patterns were compared and interpreted according to criteria
described previously by Tenover et al. (22). These data were used to draw a chart
of the hospital location at each calendar day for all cases, stratified according to
PFGE type. This chart enabled a visual examination of the overlap in hospital
locations over time for cases of P. aeruginosa with a similar PFGE type.

Statistical analysis. Statistical analyses were run using Stata (College Station,
TX) version 6 software. All the analyses were matched in order to correspond to
the study design. Risk factors and dichotomized outcomes were examined using

conditional logistic regression. The length of hospital stay was analyzed by sur-
vival methods. After examining the survivorship function, a semiparametric
(Weibull) model was used. All variables were examined by univariate analysis.
Variables with a P value of <0.2 in the univariate analysis were included in the
multivariate model. A final model was built and included all the variables with a
P value of <0.1. Variables were examined for confounding characteristics and for
effect modifications, and the significance of interaction terms was tested. All the
statistical tests were two tailed. A P value of <0.05 was considered significant.

RESULTS

Data were collected from 82 inpatients with MDR P. aerugi-
nosa during the study period. The incidence rate of MDR P.
aeruginosa was 14/10,000 patient admissions per year. Fifty
case patients (60%) were male, and the median age of the
cohort was 65 years. Case patients were identified in 20 differ-
ent wards, and there was no apparent temporospatial cluster-
ing of the case patients. Isolates from 36 patients were avail-
able for PFGE typing. These isolates belonged to 12 different
clones, 2 of which dominated: clone A accounted for 10 of the
36 case patients, and clone B accounted for 9. Seventeen iso-
lates (not belonging to clone A or B) belonged to 10 different
clones. When the data on typing were combined with classic
epidemiological methods, it became apparent that clone A
affected mostly patients who had been in the ICU before MDR
P. aeruginosa had been isolated or who had contact with car-
riers who had been in the ICU (Fig. 1). Being affected by clone
B was not clustered in time or location in the hospital.

The most common site of isolation of MDR P. aeruginosa
was a wound (39%), followed by the respiratory tract (22%)
and the urinary tract (18%). The primary site of isolation was
blood in only 8.5% of the study patients. The average length of
hospital stay before isolation of the pathogen was 17 days.
MDR P. aeruginosa was isolated within 48 h after admission in
13 patients (16%): 4 of them had been transferred from an-
other institution, and the other 5 had been hospitalized during
the preceding 2 months. A susceptible P. aeruginosa isolate was
isolated prior to culturing of the MDR strain in only 19 (23%)
patients. At the day of first culture, 61 (74%) study patients
were classified as having an infection at the site of culture.

Individual risk factors for MDR P. aeruginosa. The patients’
characteristics and variables that were examined as possible
risk factors with the corresponding matched univariate analysis
are displayed in Table 1. Case patients and their matched
controls had similar demographic characteristics and number
of comorbid conditions. Examination of specific comorbidities
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TABLE 1. Characteristics and exposures of patients with MDR P. aeruginosa and their matched controls®
Characteristic Cases (n = 82) Controls (n = 82) OR (95% CI) P value
Demographics
Age (yr)* (mean * SD) 65 =17 63 =20 1.0 (0.9-1.02) 0.5
Male gender [no. (%)] 50 (60) 41 (50) 1.5 (0.8-2.9) 0.16
No. of comorbidities [mean (SD)] 1.2(0.9) 1.3 (0.8) 0.8 (0.6-1.2) 0.5
Exposures prior to MDR P. aeruginosa isolation”
Transfer from institution [no. (%)] 11 (13) 1(1) 11.1 (1.4-85) 0.02
Home antibiotic Rx [no. (%)] 13 (15) 5(6) 2.6 (0.9-7.2) 0.06
ICU stay [no. (%)] 32(39) 16 (19) 17 (2.3-127) 0.006
Surgery [no. (%)] 43 (52) 37 (45) 1.5 (0.7-3.2) 0.2
Immunosuppressive therapy [no. (%)]° 7(8) 11 (13) 0.5 (0.1-1.6) 0.2
Foley catheter [no. (%)] 63 (76) 41 (50) 6.5 (2.2-18.6) <0.001
Central venous line [no. (%)] 39 (47) 26 (31) 3.8 (1.4-10.1) 0.008
Dialysis [no. (%)] 4(4) 5(6) 0.7 (0.1-3.3) 0.7
Mechanical ventilation [no. (%)] 42 (51) 17 (20) 27 (3.6-198.6) 0.001
Severity of illness?
Vasopressor treatment [no. (%)] 23 (28) 11 (13) 4.0 (1.3-11.9) 0.01
Bedridden [no. (%)] 56 (68) 38 (46) 3.4(1.4-79) 0.004
McCabe score,” Nonfatal [no. (%)] 50 (61) 45 (54) 1.1 (0.6-1.9) 0.6
Antibiotic treatment
No. of patients treated® (%) 64 (78) 53 (64) 3.2(1.3-7.9) 0.014
No. of antibiotics (mean = SD) 23*+1.6 1715 1.4 (1.1-1.9) 0.006
Agent [no. (%)]"
Penicillin 63 (76) 50 (60) 3.1(1.2-7.9) 0.01
Cephalosporin (narrow spectrum) 3(3) 2(2) 1.5 (0.2-8.9) 0.6
Cephalosporin (extended spectrum) 15 (18) 14 (17) 1.0 (0.4-2.4) 0.8
Cephalosporin (broad spectrum) 26 (31) 15 (18) 2.1(0.9-4.4) 0.05
Cephalosporin (“fourth generation”)’ 33 303) 1.8 (0.2-4.9) 1.0
Quinolones 11 (13) 6(7) 1.8 (0.6-4.9) 0.2
Antipseudomonal drugs 48 (58) 31(37) 5.2(1.8-15.2) 0.002
Carbapenems 6(7) 6(7) 1.0 (0.2-3.9) 1.0
Aminoglycosides 30 (36) 18 (21) 2.7(1.1-6.4) 0.02
Vancomycin 6(7) 7(8) 0.8 (0.2-2.7) 0.7
Macrolides 6(7) 4(4) 1.5(0.4-5.3) 0.5
Chloramphenicol 5(6) 3(3) 1.6 (0.3-6.9) 0.4
Metronidazole 6(7) 9 (10) 0.5 (0.1-1.9) 0.3
Sulfamides 2(2) 0 1.0

“ Continuous variable.

> Exposures that occurred between hospital admission and inclusion in the study.

¢ Immunosuppressive therapy referred to chemotherapy within 3 weeks of study entry or treatment with at least 20 mg of prednisone daily for at least 2 weeks before

study entry (16).
4 Severity of illness 48 hours before inclusion in the study.
¢ Matched univariate analysis. CI, confidence interval; Rx, prescription.
/Fourth generation refers to cefepime.

revealed that the frequency of cardiovascular, renal, and lung
diseases and diabetes mellitus did not differ between the
groups and that fewer case patients had a malignant disease
than matched controls (odds ratio [OR] = 0.3; P = 0.02). Ad-
mission from a chronic care facility was associated with an
increased risk for isolation of MDR P. aeruginosa (OR = 11.1;
P = 0.02) but not hospitalization within the previous 2 months
(OR 1.0; P = 0.8). ICU stay was a significant risk factor for
infection with MDR P. aeruginosa (OR = 17; P = 0.006) as was
the use of invasive devices, especially Foley catheters (OR = 6.5;
P < 0.001), mechanical ventilation (OR = 27; P = 0.001), and the
use of a central line (OR = 3.8; P = 0.008). At 48 h before
inclusion in the study, the study group included more severely ill
patients than the control group, as expressed by a higher rate of
bedridden patients (68% versus 46%; P = 0.004) and a higher

incidence of MODS and SIRS (35% versus 18% [P = 0.006] and
56% versus 25% [P < 0.001], respectively).

Variables found to be associated with the isolation of
MDR P. aeruginosa were examined by a multivariate model,
which revealed a statistically significant interaction between
the uses of different devices (mechanical ventilation, Foley
catheter, and central line). Thus, we could construct a di-
chotomized score: patients with mechanical ventilation or
with a central line and a Foley catheter were given a high
device score, and patients with either a Foley catheter or a
central line were given a low device score. Multivariate
analysis identified the following variables as significant in-
dependent risk factors for MDR P. aeruginosa: ICU stay
(OR = 10.1; P = 0.04), being bedridden (OR = 3.5; P =
0.04), high invasive devices score (OR = 13.9; P = 0.02),
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and number of antibiotic classes with which the patient had
been treated (OR = 1.8; P = 0.01). Having a malignant
disease remained protective in the multivariate model as
well (OR = 0.2; P = 0.03).

We studied the role of antimicrobial agents and the extent of
exposure to antibiotics before inclusion in the study, and the
results of the matched univariate analysis are displayed in
Table 1; 78% of the case patients and 64% of the controls were
treated with antimicrobials between admission and the date of
matching (OR = 3.2; P = 0.014). The number of antibiotic
agents was associated with the isolation of MDR P. aeruginosa
(OR = 1.4; P = 0.006). In the univariate analysis, penicillins,
aminoglycosides, and broad-spectrum cephalosporins were all
associated with the isolation of MDR P. aeruginosa. Among
the antipseudomonal agents that had been used, carbapenems
were the only class for which exposure did not confer increased
risk for isolation of MDR P. aeruginosa. After examining in the
multivariate model to adjust for confounding variables, the
antibiotic agents that remained significantly associated with
the isolation of MDR P. aeruginosa were broad-spectrum
cephalosporins and aminoglycosides (OR = 9.6 [P = 0.003] and
OR = 6.1 [P = 0.04], respectively).

Impact of MDR P. aeruginosa on patients’ outcomes.
(i) Mortality. There were 18 (21%) cases of in-hospital mor-
talities among the case patients and 10 (12%) cases among the
controls (OR = 2.3; P = 0.08). All the fatalities among the
former group were related to active infection. Results of a
univariate analysis for the association between cohort charac-
teristics and mortality are shown in Table 2. In the multivariate
model, the only variables significantly associated with mortality
were isolation of MDR P. aeruginosa (OR = 4.4; P = 0.04) and
the McCabe score (OR = 9.6; P = 0.03) (Table 3).

(ii) Length of hospital stay. The median length of stay after
inclusion in the study was 20 days for the case patients and 10 days
for the controls. The results of the univariate analysis are dis-
played in Table 2. Other variables associated with prolonged
hospitalization were a stay in an ICU and parameters associated
with severe illness and intensive care, e.g., mechanical ventilation,
central line, Foley catheter, being bedridden, and signs of SIRS
(P < 0.001 for each of these variables). After inclusion in a
multivariate model to control for confounding (Table 3), the
isolation of MDR P. aeruginosa was associated with an increased
length of hospital stay (hazard ratio [HR] = 2; P = 0.001).

(iii) Need for surgery. Twenty-two case patients (27%) and
13 controls (16%) underwent surgery after inclusion into the
study (OR = 2.5; P = 0.05). Multivariate analysis revealed that
the isolation of MDR P. aeruginosa was the only variable as-
sociated with a higher incidence of surgery after inclusion in
the study. The objective of surgery among the case patients was
to remove the source of infection (debridement, removal of
grafts and prostheses, and amputation). Mortality was higher
in the subgroup of patients who did not have surgery than in
their matched controls (21% versus 8.7%; OR = 9; P = 0.037).
In contrast, mortality was similar for case patients and controls
when the former underwent surgery (22.7% versus 30.8%; P =
0.6), indicating that surgery for removing the source of infec-
tion reduced the excess mortality associated with infection.

(iv) Other performed procedures. Thirty-one case patients
(38%) and nine controls (11%) had invasive procedures after
inclusion in the study (OR = 5.4; P = 0.001). There were es-
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TABLE 2. Matched univariate analysis for risk factors for
mortality and increased length of hospital stay“

. Length of
Mortality hospitflization
Variable
OR P value HR P value
(95% CI) (95% CI)
Demographics
Age 1.0 (0.9-1.09) 0.07 1 0.4
Female gender 0.4(0.1-1.6) 02 0.6 0.02
Underlying conditions
No. of comorbidities 1.8 (0.8-4.2) 0.1 1 0.3
Chronic lung disease NA 1.01 0.06
Renal insufficiency NA 0.99 0.04
Diabetes NA 1 0.3
Malignancy NA 1 0.5
Cardiovascular NA 1 0.5
Organ transplant NA 1.25 0.5
Exposures before MDR
P. aeruginosa
isolation
Home antibiotic 1(0.2-4.9) 1 0.6 0.09
prescription
Transfer from NA 0.8 0.4
institution
ICU stay 1(0.2-4.9) 1 2.1 <0.001
Surgery 0.8(02-29) 0.7 1.6 0.01
Immunosuppressive 1.5 (0.2-89) 04 14 0.1
therapy
Invasive devices
Devices score 25(04-12.8) 02 2.6 <0.001
Foley catheter 5(0.5-42.7) 01 3.0 <0.001
Mechanical 35(0.7-16.8) 0.1 3.0 <0.001
ventilation
Central line 1.2(0.3-4.6) 0.7 25 <0.001
Dialysis NA 2.1 0.1
Severity of illness
Vasopressor 1.6 (0.3-6.9) 04 1.8 0.003
prescription
ADL, bedridden NA 2.5 <0.001
McCabe score 53(1.3-21.5) 0.01 1.2 0.07
SIRS 4 (0.8-18.3) 0.08 5 <0.001
No. of antibiotics 1.5(0.8-28) 01 15 <0.001

MDR P. aeruginosa
isolation

23(0.8-6.0) 008 2(3.0-14) <0.001

“ NA, not available; ADL, activities of daily living.

sentially three types of procedures: those aimed at removing
the source of infection (drainage), those that are diagnostic
(e.g., bronchoscopy), and those associated with prolonged hos-
pitalization (tracheostomy, Hickman catheter implantation,
and feeding jejunostomy). Multivariate analysis indicated that
only the isolation of MDR P. aeruginosa was associated with an
increased number of performed procedures.

(v) Discharge to chronic care facilities and functional status
at discharge. Patients were divided into three groups according
to their destination after discharge: home, rehabilitation cen-
ter, and chronic care facility. The case patients were more
often discharged to a chronic care facility (OR = 6; P = 0.01),
and only 34% of them (compared to 59% of the controls) were
fully active at discharge, while 20% (compared to 8% of the
controls) were bedridden (Table 3).
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TABLE 3. Impact of MDR P. aeruginosa on study patient outcomes compared to their matched controls

Univariate analysis Multivariate analysis

% of cases % of controls
Outcome _ -

(n = 82) (n =82) RR/ (95% CI) P value OR (95% CI) P value
Mortality“ 21 12 2.3 (0.8-6.0) 0.08 4.4 0.04
Length of stay” 20¢ 10¢ 2.0 (1.4-3.0) <0.001 2.0 0.001
Surgery? 27 16 2.5 (1.0-6.4) 0.05 2.5 (1.0-6.4) 0.05
Procedures? 38 11 5.4 (2.0-14.0) 0.001 5.4 (2.0-14.0) 0.001
Chronic care® 55 24 6.0 (1.3-26.8) 0.01 6.0 (1.34-26.8) 0.02
Full activity at discharge® 34 59 6.7 (2.0-22.4) 0.002 4.7 (1.3-16.2) 0.015

“ Multivariate model adjusted for McCabe score.

® Multivariate survival analysis model adjusted for male gender, being bedridden, and invasive device score. RR and OR denote the hazard ratio.

¢ Median length of stay after inclusion in the study.

4 No other variable was retained in the multivariate model.

¢ Multivariate analysis for surviving patients admitted from home.
/RR, relative risk.

DISCUSSION

Resistance to antimicrobial agents is an increasing public
health threat (18). It limits therapeutic options and leads to
increased mortality and morbidity (6). Given the increasing
resistance rates in P. aeruginosa, multidrug resistance can be
expected to become more prevalent in many hospitals. We
conducted this study to better understand the individual risk
factors for having MDR P. aeruginosa and to examine the
consequences of its occurrence.

Most of our MDR P. aeruginosa cases were hospital ac-
quired (84%); acquisition from health institutions (chronic
care facilities and previous hospitalization) was evidently respon-
sible for the remaining cases, with the exception of three pa-
tients who had no apparent contact with the healthcare system.
The latter finding was indicative of the very low likelihood of
community acquisition of these organisms. Most cases were
not clustered in time and hospital location at the time MDR P.
aeruginosa was isolated. Moreover, the organisms that were
typed by PFGE belonged to several clones. Among the isolates
that were typed, however, two clones caused half of the cases,
and one patient had been hospitalized in an ICU. MDR has
usually been described as developing in a susceptible strain of
P. aeruginosa exposed sequentially to various antibiotic agents
(3). In the current study, we found that a susceptible P. aerugi-
nosa isolate was isolated prior to an MDR strain only in 23%
of the cases. These findings suggest that the endemicity of
MDR P. aeruginosa in our institution is related to various
mechanisms, including de novo emergence of resistance in
previously susceptible isolates, clusters secondary to patient-
to-patient transmission, introduction from other institutions,
and some as-yet-unexplained origins.

MDR P. aeruginosa was isolated from various sites and often
from more than one site in the same patient. A total of 74% of
the patients were identified as being infected at the time of the
first isolation, and almost all the others developed an active
infection with MDR P. aeruginosa later during their hospital-
ization. The individual risk factors identified in this study in-
cluded a stay at an ICU, being bedridden, and the use of
invasive devices. These factors portray a severely ill patient
who requires intensive contact with caregivers and for whom
the disease, treatment, and invasive devices compromise pro-
tective barriers. ICU stay had been found in previous studies to
be an important risk factor for acquisition of resistant organ-

isms, and the SCENIC study reported that half of the patients
hospitalized in ICUs acquired a nosocomial infection (11). We
also documented transmission of a dominant clone in the ICU
in the current study. The intensive nursing care given to these
patients and the placement of several invasive devices intro-
duce multiple opportunities for failure of infection control
measures. Moreover, the intensity of selection pressure by
broad-spectrum antibiotics is high in the ICU (1). The care of
bedridden patients also requires intensive contact with health-
care providers who serve as the vector for transmission of these
MDR bacteria. Treatment with multiple antibiotic agents, as
described previously for other resistant organisms (10, 14), and
treatment with broad-spectrum cephalosporins and aminogly-
cosides specifically also emerged as being important risk fac-
tors. We relate this effect to the eradication of competitive
flora and to the selective advantage of MDR strains. Imipenem
exposure was not associated with MDR P. aeruginosa; this likely
relates to our definition of MDR, which allowed imipenem sus-
ceptibility. Interestingly, we noticed a protective effect of malig-
nant disease. This effect may be related to better hygienic
measures and stricter adherence to contact precautions prac-
ticed with these patients as well as the high likelihood of the
patients being assigned to private rooms.

The second aim of our study was to measure the direct
clinical impact of MDR P. aeruginosa. We studied patients with
active infection as well as patients with colonization (26%) at
the time of first isolation, because almost all patients with
colonization develop an active infection afterwards. This deci-
sion might have influenced our results towards underestimat-
ing the adverse impact of infection. We found that MDR P.
aeruginosa was associated with severe outcomes, compared to
matched controls, in terms of increased mortality (OR = 4.4;
P = 0.04), increased length of hospital stay (HR = 2; P =
0.001), and the need for more procedures (OR = 5.4; P =
0.001). Moreover, the functional capacity of the surviving study
patients at discharge was poorer than that of the controls, and
more of the former group were discharged to a rehabilitation
center or to chronic care facilities.

The limited means of effectively treating MDR P. aeruginosa
infections led to performing more surgery and other proce-
dures (debridement, amputation, and removal of prostheses)
among the study patients in order to eradicate the source of
infection. Indeed, in the subgroup of patients for whom the
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nidus of infection could be removed by these procedures, mor-
bidity and mortality were not increased, in contrast to their
counterparts, for whom curative surgery was not an option.
Thus, our findings confirm the results of a previous study (12)
that reported that MDR P. aeruginosa was associated with
adverse outcomes and that these outcomes are even worse
when the nidus of infection cannot be removed surgically.

In conclusion, this analytic study highlights the complex
epidemiology of MDR P. aeruginosa in hospitals. These
infections are likely to affect critically ill patients who re-
quire intensive care and treatment with multiple antibiotic
agents. Infection with MDR P. aeruginosa is associated with
adverse clinical outcome, and strict isolation of patients
infected with MDR microorganisms and judicial use of an-
tibiotics should be emphasized in order to prevent the
spread of MDR P. aeruginosa.
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